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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of International
Application No. PCT/JP2012/054997 having International
Filing date, 28 Feb. 2012, which designated the United States
of America, and which International Application was pub-
lished under PCT Article 21 (s) as WO Publication 2013/
128583 Al, the disclosures of which are incorporated herein
by reference in their entireties.

FIELD

The presently disclosed embodiment relates to semicon-
ductor devices where an element for protecting a bipolar
transistor or a junction field effect transistor used in input
circuits of semiconductor devices from electrostatic dis-
charge (ESD) is formed, and particularly, to a semiconductor
device where an additional step for forming the protective
element is suppressed and its occupation area is reduced.

BACKGROUND

Nowadays, semiconductor devices such as semiconductor
integrated circuits are used in a variety of fields, for example,
for civilian use such as mobile communications terminals,
display equipment, and laptop computers, as well as for
industrial use such as various productive equipment and
industrial robots. Meanwhile, with the expansion of applica-
tion filed, arequired reliability level is increased. Particularly,
in the application fields involving human lives such as medi-
cal devices and transportation equipment, an extra-high reli-
ability is required.

However, a semiconductor device having a general struc-
ture in which the device is formed on a semiconductor sub-
strate is very vulnerable to ESD caused by, for example, a
contact with a person retaining electricity, along with a refine-
ment of rules of wiring on substrate. Thus, to protect such
semiconductor device from ESD, an ESD protective element
is provided in the input circuit of the semiconductor device.

FIGS. 28 and 29 are circuit diagrams showing the periph-
ery of a protective element of an input circuit of a conven-
tional semiconductor device. In FIG. 28, diodes 30 as ESD
protective element are connected between an input terminal
13 and an upper voltage source terminal 15/a lower voltage
source terminal 14 to protect each element of the input circuit
using breakdown of p-n junction. In FIG. 29, an ESD protec-
tive element 31 is connected between an input terminal 13 and
a lower voltage source terminal 14. The ESD protective ele-
ment 31 is composed of several circuit elements, whose
examples are disclosed in Patent Documents 1 to 3. The ESD
protective elements described in Patent Documents 1 and 2
use breakdown of p-n junction of a transistor therein. The
ESD protective element described in Patent Document 3
makes a zener diode and a field effect transistor therein oper-
ate with respect to application of overvoltage due to ESD and
function as a protective element.

Since these conventional ESD protective elements are pro-
vided specially to protect circuit elements such as a transistor
in the input circuit, the region for forming the ESD protective
element is required in addition to the region which is needed
in order that a semiconductor device has its original func-
tions. In the production process, the step for forming the ESD
protective element is also required.
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2
SUMMARY

As described above, in conventional semiconductor
devices, a dedicated protective element is formed between
each voltage source terminal and an input terminal to protect
abipolar transistor or junction field effect transistor used in an
input circuit from ESD. Therefore, regions of the protective
elements depending on their sizes and number are needed in
addition to regions needed for the original functions of the
semiconductor device, which results in an increase in the
overall area of the semiconductor device.

Moreover, in the conventional semiconductor devices, to
allow the protective element to protect the transistor of the
input circuit, the protective element needs to function at a
lower voltage than the breakdown voltage of the transistor of
the input circuit, thus the protective element needs to be
formed in a different process step from that for the transistor.
The additional process step leads to an increase in the pro-
duction cost of the semiconductor device.

Furthermore, since the conventional protective element is
additionally connected to a base terminal, etc. of the transistor
of the input circuit, this may affect the characteristics of the
input circuit, and may increase the parasitic capacity of the
input circuit, leakage current, and noise. As a result, the
performance of the semiconductor device may be degraded.

The presently disclosed embodiment is made to solve these
problems. An aspect of the presently disclosed embodiment is
to provide a semiconductor device comprising a protective
element that can be formed without requiring an additional
process step with an area smaller than the conventional pro-
tective elements, and that can protect the transistor of the
input circuit from ESD without performance degradation of
the semiconductor device.

Generally, in the development of protective elements, par-
ticularly in the development of ESD protective elements, it is
necessary to design a trigger mechanism for determining a
voltage at which the protective element operates, and to
design a mechanism for sending current to suppress ESD
voltage. In determining the voltage at which the protective
element operates, the inventors of the presently disclosed
embodiment found that in a PNP transistor formed in semi-
conductor device, a p-n junction formed between n-type
region being the base thereof and p-type semiconductor sub-
strate being the collector thereofis not immediately destroyed
by applying an ESD voltage that is over breakdown voltage.
FIG. 27 shows measurements of current-voltage characteris-
tics at the time of the breakdown of p-n junction described
above obtained with TLP (Transmission Line Pulser) thatis a
device for evaluating current-voltage characteristics of a cir-
cuit element with respect to application of surge voltage. As
shown in the figure, a breakdown occurs around 40 V, but
destruction does not immediately occur. By subsequently
sending current, destruction finally occurs at a little less than
90 V. Using this phenomenon, the inventors invented to get
the protective element to work within the range of the break-
down voltage to the destruction voltage.

The inventors continued to study earnestly and found a
method where a junction between the base and the collector
(p-type semiconductor substrate) of the PNP transistor is used
as a junction between the collector and the base of an NPN
transistor. In the method, using the NPN transistor as the
element operating within the above voltage range, when ESD
voltage is applied, breakdown is caused between the collector
and the base of the NPN transistor, and the NPN transistor is
turned on by the subsequent current to send ESD current to
the p-type semiconductor substrate through the transistor.
The NPN transistor can be formed using the base region of the
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PNP transistor as collector and the p-type semiconductor
substrate as base only by providing an n-type region as emit-
ter in the p-type semiconductor substrate. Furthermore,
through the connection of the emitter of the NPN transistor
and the p-type semiconductor substrate, the NPN transistor
itself is turned on by a potential difference between the base
and the emitter of the transistor caused by current flowing in
the p-type semiconductor substrate after the breakdown
between the collector and the base of the NPN transistor and
parasitic resistance in the substrate, and ESD current can be
sent to the p-type semiconductor substrate through the tran-
sistor.

The semiconductor device of the presently disclosed
embodiment comprises a first conductivity type semiconduc-
tor substrate, a first region of a second conductivity type
semiconductor layer formed on the surface of the semicon-
ductor substrate, a circuit element including a p-n junction
formed from the semiconductor substrate and the first region,
an input terminal connected to the first region, and a protec-
tive element for protecting the circuit element from ESD
applied to the input terminal. The protective element includes
a transistor formed by using the first region as collector, the
semiconductor substrate as base, and the second region as
emitter through the formation of a second region of the sec-
ond conductivity type semiconductor layer in the semicon-
ductor substrate, and is formed by connecting the emitter to
the semiconductor substrate through a connection region pro-
vided in the semiconductor substrate by an electric conductor.

If the connection region provided on the semiconductor
substrate is provided between the first region and the second
region, voltage generated between the base and the emitter of
the transistor may decrease and the transistor may not be
turned on. Therefore, the connection region should preferably
be disposed on the opposite side of the side on which the
second region faces the first region.

The first region may be divided into a plurality of regions,
each of the plurality of the first regions may be used to form
aplurality of the circuit elements, and the second region of the
protective element may be formed in one piece among the
plurality of the first regions.

It is preferred to make at least one part of the contour of the
first region on the surface of the semiconductor substrate a
curve, form the second region next to the first region, and
make the contour of a part of the second region opposing the
first region a curve along the curve of the first region in that the
protective element maintains the capability of sending ESD
current, increasing the breakdown voltage of the p-n junction.

In a layer under the first region, a second conductivity type
region having a impurity concentration higher than that of the
first region may be formed, while a layer under the second
region may be in contact with the semiconductor substrate
directly.

The second conductivity type semiconductor layer may be
formed on the semiconductor substrate by epitaxial growth.
The first and second regions may be formed by doping first
conductivity type impurities into the epitaxial layer and sepa-
rating the epitaxial layer.

The circuit element may be a vertical bipolar transistor
using the first region as base, collector, or emitter, or may be
a lateral bipolar transistor using the first region as base, col-
lector, or emitter, or may be a junction field effect transistor
using the first region as gate, source, or drain.

According to the presently disclosed embodiment, a pro-
tective element for protecting a circuit element of an input
part constituting an integrated circuit is a transistor that uses
a first conductivity type semiconductor substrate, a first
region of a second conductivity type formed thereon, and a
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second region of the second conductivity type further formed
the substrate as base, collector, and emitter, respectively, and
the emitter is connected to the semiconductor substrate by an
electric conductor. Therefore, when ESD is applied to the first
region and breakdown current flows to p-n junction formed
from the first region and the semiconductor substrate, voltage
generated by the breakdown current flowing in the semicon-
ductor substrate and specific resistance of the semiconductor
substrate is applied between the base and the emitter of the
transistor formed as protective element and the transistor is
turned on. As aresult, if ESD applied to the first region occurs,
it is consumed as current flowing to the semiconductor sub-
strate through the transistor of the protective element, and
high-voltage is not applied between the first region and the
semiconductor substrate and the p-n junction, namely the
circuit element is not destroyed. Namely, the transistor as
protective element functions and the circuit element is pro-
tected from ESD.

Furthermore, according to the presently disclosed embodi-
ment, the first region of the second conductivity type semi-
conductor layer of a circuit element constituting an input part
of an integrated circuit and the semiconductor substrate are
used as the collector and the base of the protective element,
respectively, and thus a transistor of the protective element
can be constituted only by forming the emitter constituting
the transistor as the second region of the second conductivity
type semiconductor layer on the surface of the semiconductor
substrate. Additionally, a resistive element for generating a
potential difference between the base and the emitter to turn
the transistor on uses specific resistance of the semiconductor
substrate, and thus the space for the protective element can be
composed of only the space for the second region of the
second conductivity type semiconductor layer used as emitter
and the space for a connection region formed on the surface of
the semiconductor substrate for connecting the emitter to the
semiconductor substrate. Accordingly, compared to the space
for a conventional diode, transistor, and associated elements,
the protective element can be formed with a much smaller
occupation area.

Furthermore, according to the presently disclosed embodi-
ment, as described above, the transistor of the protective
element is formed using the region of the circuit element. The
p-n junction is shared between the circuit element and the
protective element. The protective element of the presently
disclosed embodiment needs not be led to breakdown earlier
than a protected element by lowering the breakdown voltage
of'the protective element than that of the protected element as
conventional protective elements, and thus needs not be
formed in a special process and can be formed only in the
general process for forming a circuit element. Accordingly,
man hours for forming the protective element can be signifi-
cantly reduced, which results in a very low production cost.

Furthermore, according to the presently disclosed embodi-
ment, since a protective element needs not be connected to a
terminal of a protected circuit element of integrated circuit,
etc., this may not affect the original performance of the circuit
element, and the circuit element of the integrated circuit can
be protected without causing performance degradation of the
semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a plan view showing the periphery of a protective
element of a semiconductor device according to a first aspect
of the presently disclosed embodiment.

FIG. 2 is a cross-section view where an equivalent circuit is
drawn in a cross section of the periphery of the protective



US 9,165,919 B2

5

element of the semiconductor device according to the first
aspect of the presently disclosed embodiment.

FIG. 3 is an equivalent circuit schematic of the periphery of
the protective element of the semiconductor device according
to the first aspect of the presently disclosed embodiment.

FIG. 4 shows measurements of current-voltage character-
istics at the time of breakdown between the base and the
collector of PNP transistor of an input circuit of the semicon-
ductor device according to the first aspect of the presently
disclosed embodiment.

FIG. 5 is a plan view showing the periphery of a protective
element of a semiconductor device according to a second
aspect of the presently disclosed embodiment.

FIG. 6 is a cross-section view where an equivalent circuitis
drawn in a cross section of the periphery of the protective
element of the semiconductor device according to the second
aspect of the presently disclosed embodiment.

FIG. 7 is an equivalent circuit schematic of the periphery of
the protective element of the semiconductor device according
to the second aspect of the presently disclosed embodiment.

FIG. 8 is a plan view showing the periphery of a protective
element of a semiconductor device according to a third aspect
of the presently disclosed.

FIG.9is across-section view where an equivalent circuit is
drawn in a cross section of the periphery of the protective
element of the semiconductor device according to the third
aspect of the presently disclosed embodiment.

FIG. 10 is an equivalent circuit schematic of the periphery
of'the protective element of the semiconductor device accord-
ing to the third aspect of the presently disclosed embodiment.

FIG. 11is a plan view showing the periphery of a protective
element of a semiconductor device according to a fourth
aspect of the presently disclosed embodiment.

FIG. 12 is a cross-section view where an equivalent circuit
is drawn in a cross section of the periphery of the protective
element of the semiconductor device according to the fourth
aspect of the presently disclosed embodiment.

FIG. 13 is an equivalent circuit schematic of the periphery
of'the protective element of the semiconductor device accord-
ing to the fourth aspect of the presently disclosed embodi-
ment.

FIG. 14 is a plan view showing the periphery of a protective
element of a semiconductor device according to a fifth aspect
of the presently disclosed embodiment.

FIG. 15 is a cross-section view where an equivalent circuit
is drawn in a cross section of the periphery of the protective
element of the semiconductor device according to the fifth
aspect of the presently disclosed embodiment.

FIG. 16 is an equivalent circuit schematic of the periphery
of'the protective element of the semiconductor device accord-
ing to the fifth aspect of the presently disclosed embodiment.

FIG. 17 is a plan view showing the periphery of a protective
element of a semiconductor device according to a sixth aspect
applied to the first aspect of the presently disclosed embodi-
ment.

FIG. 18 is a plan view showing the periphery of a protective
element of a semiconductor device according to the sixth
aspect applied to the second aspect of the presently disclosed
embodiment.

FIG.19is a plan view showing the periphery of a protective
element of a semiconductor device according to the sixth
aspect applied to the fourth aspect of the presently disclosed
embodiment.

FIG. 20 is a plan view showing an arrangement of regions
in a semiconductor device of an application example of the
sixth aspect, etc. of the presently disclosed embodiment.
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FIG. 21 is a plan view showing the periphery of a protective
element of a semiconductor device according to a seventh
aspect applied to the first aspect of the presently disclosed
embodiment.

FIG. 22 is a plan view showing the periphery of a protective
element of the semiconductor device according to the seventh
aspect applied to the second aspect of the presently disclosed
embodiment.

FIG. 23 is an equivalent circuit schematic of the periphery
of a protective element of a semiconductor device according
to an eighth aspect of the presently disclosed embodiment.

FIG. 24 is a cross-section view where the equivalent circuit
of FIG. 23 is drawn in a cross section of the periphery of the
protective element of the semiconductor device according to
the eighth aspect of the presently disclosed embodiment.

FIG. 25 is an equivalent circuit schematic of the periphery
of a protective element of a semiconductor device according
to a ninth aspect of the presently disclosed embodiment.

FIG. 26 is a cross-section view where the equivalent circuit
of FIG. 25 is drawn in a cross section of the periphery of the
protective element of the semiconductor device according to
the ninth aspect of the presently disclosed embodiment.

FIG. 27 shows measurements of current-voltage character-
istics at the time of the breakdown between the base and the
collector of PNP transistor where no protective element is
connected.

FIG. 28 is a circuit schematic showing the periphery of
protective elements of an input circuit of a conventional semi-
conductor device.

FIG. 29 is a circuit schematic showing the periphery of a
protective element of another input circuit of a conventional
semiconductor device.

DETAILED DESCRIPTION

Referring to drawings, the semiconductor device of the
presently disclosed embodiment will be described. FIGS. 1 to
3 show a plan view, a cross-section view, and an equivalent
circuit schematic, respectively. The semiconductor device of
the present invention has a first conductivity type semicon-
ductor substrate (p-type semiconductor substrate in FIGS. 1
to 3) 1, a first region 2 of a second conductivity type semi-
conductor layer (n-type epitaxial semiconductor layer in
FIGS. 1 to 3) formed on the surface of the semiconductor
substrate 1, a circuit element (PNP transistor in FIGS. 1 to 3)
10 containing a p-n junction formed from the semiconductor
substrate 1 and the first region 2, an input terminal 13 con-
nected to the first region 2, and a protective element (NPN
transistor in FIGS. 1 to 3) 11 for protecting the circuit element
(PNP transistor) 10 from ESD applied to the input terminal
13. In the presently disclosed embodiment, the protective
element (NPN transistor) 11 includes a NPN transistor 11
formed by using the first region 2 as collector, the semicon-
ductor substrate 1 as base, and the second region 6 as emitter
through the formation of the second region 6 of the second
conductivity type semiconductor layer in the semiconductor
substrate 1, and is formed by connecting the emitter (the
second region 6) to the semiconductor substrate 1 through a
connection region 8 by an electric conductor 7.

Inthe example shown in FIGS. 1to 3, the circuit element 10
is formed as vertical PNP transistor 10 where an emitter 3 is
a p-type region formed in the first region 2, the first region 2
is base, and the p-type semiconductor substrate 1 is collector,
and it is an example of a semiconductor integrated circuit
where the PNP transistor 10 constitutes an input part. The
input terminal 13 is formed in the base (the first region 2) of
the PNP transistor 10 through a contact region 5. However,
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the constitution of the input part is not limited to this example.
The protective element of the presently disclosed embodi-
ment can be used for various cases such as lateral PNP tran-
sistor and p-channel junction field effect transistor as
described below. In FIGS. 1 to 3, 4 is the collector of the PNP
transistor 10 and is also a contact region formed of p-type
semiconductor provided in the semiconductor substrate 1,9 is
a buried region formed in a layer under the first region 2 for
preventing a decrease in the breakdown voltage between the
collector and the emitter, 14 is a lower voltage source terminal
of'the semiconductor substrate 1 corresponding to the collec-
tor of'the PNP transistor 10, and 15 is an upper voltage source
terminal.

In FIGS. 1 to 3, the protective element 11 is formed as the
NPN transistor 11 where the first region 2 is collector, the
semiconductor substrate 1 is base, and the second region 6 is
emitter through the formation of the second region 6 of the
second conductivity type (n-type) semiconductor layer on the
surface side of the semiconductor substrate 1. The second
region 6 as emitter is connected to the connection region
(contact region) 8 provided on the surface of the semiconduc-
tor substrate 1 through a contact region 6a by an electric
conductor 7 composed of, for example, aluminum and the
like. As a result, the base of the NPN transistor 11 is con-
nected to its emitter through a parasitic resistance 12 of the
semiconductor substrate 1.

The connection region 8 of the semiconductor substrate 1 is
formed onthe opposite side of the first region 2 with reference
to the second region 6. The connection region 8 can be dis-
posed in other location on the semiconductor substrate 1, but
the arrangement of the aspect is preferred. The reason is as
follows: When ESD voltage is applied, p-n junction between
the base and the collector of the NPN transistor 11 breaks
down, and current flows through the parasitic resistance 12 of
the p-type semiconductor substrate 1, and a potential differ-
ence occurs between the base and the emitter of the NPN
transistor 11, and then the NPN transistor 11 is turned on. If
the connection region 8 is provided between the first region 2
and the second region 6, the path in the semiconductor sub-
strate 1 through which the current flows becomes shorter.
Accordingly, a resistance value of the parasitic resistance 12
substantially decreases, and the potential difference gener-
ated between the base and the emitter of the NPN transistor 11
does not reach a predetermined value, and then the transistor
may not be turned on.

In the layer under the first region 2, the buried layer 9
having an impurity concentration higher than that of the first
region 2 is formed, as described above, while in the layer
under the second region 6, such a buried region is not formed
and the second region 6 is in contact with the semiconductor
substrate 1 directly.

Since the collector and the base of the protective element
11 are composed of the base of the PNP transistor 10 and the
p-type semiconductor substrate 1, respectively, the area
needed for forming the protective element 11 is sufficient by
adding only the areas of the second region 6 and the connec-
tion region 8 provided in the semiconductor substrate 1. As a
result, for example, when a conventional protective device is
formed, the area needs 7298 um?, while it is confirmed that
the area is only 1504 pm? according to the embodiment.
Namely, according to the disclosed embodiment, the added
area for forming the protective element can be reduced by
about 80% compared to the conventional protective element.

When the structure is shown by equivalent circuit sche-
matic, it is as shown in FIG. 3. FIG. 2, the cross-section view
also shows the PNP transistor 10, the NPN transistor 11 as
protective element, and the parasitic resistance 12 between
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the base and the emitter of the NPN transistor 11. As clearly
shown in FIG. 3, the NPN transistor 11 as protective element
is connected between the input terminal 13 and the lower
voltage source terminal 14.

Operation that the NPN transistor 11 functions as protec-
tive element in this structure will now be described. When
positive overvoltage with reference to the p-type semicon-
ductor substrate 1 is applied to the input terminal 13 of the
semiconductor device of the disclosed embodiment due to
ESD, the p-n junction between the collector and the base of
the protective element 11 breaks down and current after the
breakdown flows through the p-type semiconductor substrate
1 that is the base of the protective element 11. A potential
difference between the base and the emitter of the protective
element 11 is generated by the current and the parasitic resis-
tance 12 of the p-type semiconductor substrate 1. When the
potential difference reaches a predetermined value, the pro-
tective element 11 is turned on and sends current due to ESD
from the collector to the emitter, namely the p-type semicon-
ductor substrate 1, thereby, the PNP transistor 10 of the input
circuit of the semiconductor device is protected from voltage
due to ESD. Namely, as described above, even if the p-n
junction breaks down, the p-n junction is not immediately
destroyed with the voltage between 60 to 80 V. Therefore, if
the specific resistance (impurity concentration) of the semi-
conductor substrate is set so that the voltage between the base
and the emitter of the NPN transistor 11 reaches a threshold
voltage at which the NPN transistor 11 is turned on with the
current flowing through the semiconductor substrate between
the breakdown and the destruction to turn on the NPN tran-
sistor 11, the NPN transistor 11 can be turned on and send the
current after the breakdown to the side of the semiconductor
substrate through the NPN transistor 11 to prevent the
destruction of the p-n junction. In other words, the NPN
transistor 11 as the protective element can be turned on to
protect the PNP transistor 10 from ESD without the destruc-
tion of the p-n junction by setting the specific resistance of the
semiconductor substrate based on the relation between the
threshold voltage at which the NPN transistor 11 is turned on
and the amount of the current after the breakdown.

This will now be described using the relation between ESD
voltage and breakdown current shown in FIG. 4. FI1G. 4 shows
measurements of current-voltage characteristics at the time of
the breakdown between the base and the collector of the PNP
transistor 10 of the input circuit of the semiconductor device
according to the disclosed embodiment, obtained by the same
method as that for measurements in FIG. 27. The drawing
shows as follows: The breakdown between the base and the
collector of the NPN transistor 11 that is the protective ele-
ment starts around 60 V. The protective element 11 starts to
operate around 80 V. Once the protective element 11 starts to
operate, even if current dueto ESD increases, overvoltage due
to ESD is suppressed by sending the current from the collec-
tor of the NPN transistor 11 as the protective element to the
p-type semiconductor substrate 1. The NPN transistor 11
functions as the protective element of the PNP transistor 10.

To obtain such performance of the protective element for
protecting the circuit element of the semiconductor device
from ESD, the above-mentioned specific resistance of the
p-type semiconductor substrate should preferably be around
5to around 50 Q-cm, and the depths of the first and the second
regions from the surface of the semiconductor device should
preferably be around 3 to around 20 pum so as not to cause a
significant increase in the voltage at which the NPN transistor
11 as the protective element is turned on, a significant
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decrease in the current amplification factor of the transistor,
and occurrence of punch-through after the operation of the
transistor.

Since the semiconductor device according to the presently
disclosed embodiment does not particularly require an addi-
tional process step, the device can be produced in the general
production process of semiconductor devices. The first region
2 and the second region 6 of the n-type semiconductor
described above may be formed by forming a film on the
semiconductor substrate by epitaxial growth and then doping
p-type impurities whose conductivity type is the same as that
of the semiconductor substrate and separating the epitaxial
layer. Alternatively, the first region 2 and the second region 6
can be formed by doping n-type impurities into p-type semi-
conductor substrate and then annealing.

In the disclosed embodiment, the example where the semi-
conductor substrate 1 is p-type, the first region is n-type, the
circuit element is PNP transistor, and the protective element is
NPN transistor has been described. However, when the semi-
conductor substrate 1 is n-type and the conductivity types of
the other components are opposite, the function of the pro-
tective element can be fulfilled similarly. In this case, the
transistor of the protective element functions for negative
overvoltage with reference to the semiconductor substrate
applied to the input terminal 13. The same goes for the fol-
lowing aspects.

FIGS. 5to 7 are a plan view of the semiconductor structure,
a cross-section view, and an equivalent circuit schematic of a
semiconductor device according to a second aspect of the
presently disclosed embodiment, respectively. In the dis-
closed embodiment, the circuit element is a lateral PNP tran-
sistor, which is different from the first aspect of the disclosed
embodiment. As shown in FIGS. 5 and 6, the structural dif-
ference from the first aspect of the disclosed embodiment is
only that a collector 4 of a PNP transistor 10 is not the p-type
semiconductor substrate 1 in the first aspect of the disclosed
embodiment, but a p-type semiconductor region formed
around an emitter 3 of the transistor in a first region 2 of n-type
semiconductor as described above. Also, in the equivalent
circuit schematic in FIG. 7, it is different from the first aspect
of'the disclosed embodiment only in that the collector 4 of the
PNP transistor 10 is not directly connected to the base (semi-
conductor substrate 1) of a protective element 11. The other
structural points are the same as those of the first aspect of the
disclosed embodiment, and thus in each pair of FIGS.1 and 5,
FIGS. 2 and 6, as well as FIGS. 3 and 7, the same symbols are
used in the corresponding parts and the detailed descriptions
are omitted.

In the disclosed embodiment, unlike the first aspect of the
disclosed embodiment, the p-type semiconductor substrate 1
is insulated from the emitter and the collector of the PNP
transistor 10, which has an advantage of increasing the flex-
ibility of designing a packaging structure and designing a
pattern of a wiring board where the semiconductor device is
mounted.

The semiconductor device according to the disclosed
embodiment is different from the first aspect of the disclosed
embodiment in that the protected circuit element is the lateral
PNP transistor 10, but if ESD is applied to the input terminal
13, voltage is applied to the p-n junction with the p-type
semiconductor substrate 1 through the first region 2 and the
buried layer 9 having a high impurity concentration similarly
as in the first aspect of the disclosed embodiment. However,
since the protective element comprising the NPN transistor
11 is formed similarly as in the first aspect of the disclosed
embodiment, the voltage can be suppressed and the lateral
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PNP transistor 10 as the circuit element is protected similarly
as in the first aspect of the disclosed embodiment.

FIGS. 8 to 10 are a plan view of the semiconductor struc-
ture, a cross-section view, and an equivalent circuit schematic
of'a semiconductor device according to a third aspect of the
disclosed embodiment, respectively. In the disclosed embodi-
ment, the circuit element is an NPN transistor 19 and an input
terminal 13 is connected to collector, which is different from
the second aspect of the disclosed embodiment. As shown in
FIGS. 8 and 9, the NPN transistor 19 is formed by using a first
region 2 connected to the input terminal 13 through a contact
region 18 as collector, a p-type region 16 formed in the first
region 2 as base, and an n-type region 17 formed in the p-type
region 16 as emitter. As shown in FIGS. 9 and 10, in the
equivalent circuits, it is different from the second aspect of the
disclosed embodiment in that the input terminal 13 and the
collector of a protective element 11 is connected to the col-
lector of the NPN transistor 19 as the circuit element. The
other structural points are the same as those of the second
aspect of the disclosed embodiment, and FIG. 5 corresponds
to FIG. 8, FIG. 6 corresponds to FIG. 9, and FIG. 7 corre-
sponds to FIG. 10, respectively, and thus the same symbols
are used in the corresponding parts and the detailed descrip-
tions are omitted. When ESD is applied to the input terminal
13, voltage is applied to the p-n junction with the p-type
semiconductor substrate 1 through the first region 2 and the
buried layer 9 similarly as in the first aspect of the disclosed
embodiment. However, since the protective element 11 is
formed similarly as in the first aspect of the disclosed embodi-
ment, the voltage can be suppressed and the NPN transistor 19
as the circuit element is protected.

InFIGS. 8 and 9, the NPN transistor 19 is shown as vertical
NPN transistor, but even if the NPN transistor 19 is a lateral
NPN transistor formed by contacting the p-type region 16 as
the base to the contact region 18 in the first region 2 as the
collector, the protective element 11 fulfills the function of
protecting the circuit element from ESD voltage applied to
the input terminal 13 similarly. Furthermore, in the structure
of the disclosed embodiment shown in FIGS. 8 and 9, even if
the semiconductor device has an input circuit where the NPN
transistor is formed by using the first region 2 as not collector
but emitter, and the n-type region 17 formed in the p-type
region 16 as not emitter but collector, and the emitter of the
transistor is connected to the input terminal, the protective
element 11 fulfills the function of protecting the circuit ele-
ment from ESD voltage applied to the input terminal 13
similarly.

FIGS. 11 to 13 are a plan view of the semiconductor struc-
ture, a cross-section view, and an equivalent circuit schematic
of'a semiconductor device according to a fourth aspect of the
disclosed embodiment of the, respectively. In the disclosed
embodiment, the circuit element is a p-channel junction field
effect transistor 23 and an input terminal 13 is connected to
gate, which are different from the second aspect of the dis-
closed embodiment. As shown in FIGS. 11 and 12, the
p-channel junction field effect transistor 23 is formed by
using a first region 2 connected to the input terminal 13
through a contact region 22 as gate, a p-type region 20 formed
in the first region 2 as source, and a p-type region 21 also
formed in the first region 2 as drain. As shown in FIGS. 12 and
13, in the equivalent circuits, it is different from the second
aspect of the disclosed embodiment in that the circuit element
is the p-channel junction field effect transistor 23, and the
input terminal 13 and the collector of a protective element 11
are connected to the gate of the p-channel junction field effect
transistor 23. The other structural points are the same as those
of'the second aspect of the disclosed embodiment, and FIG. 5
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corresponds to FIG. 11, FIG. 6 corresponds to FIG. 12, and
FIG. 7 corresponds to FIG. 13, respectively, and thus the same
symbols are used in the corresponding parts and the detailed
descriptions are omitted. When ESD is applied to the input
terminal 13, voltage is applied to the p-n junction with the
p-type semiconductor substrate 1 through the first region 2
and the buried layer 9 similarly as in the first aspect of the
disclosed embodiment. However, since the protective ele-
ment 11 is formed similarly as in the first aspect of the dis-
closed embodiment, the voltage can be suppressed, and the
p-channel junction field effect transistor 23 as the circuit
element is protected.

FIGS. 14 to 16 are a plan view of the semiconductor struc-
ture, a cross-section view, and an equivalent circuit schematic
of a semiconductor device according to a fifth aspect of the
disclosed embodiment, respectively. In the disclosed embodi-
ment, the circuit element is an n-channel junction field effect
transistor 28, and an input terminal 13 is connected to drain,
which are different from the second aspect of the disclosed
embodiment. As shown in FIGS. 14 and 15, the n-channel
junction field effect transistor 28 is formed by using a first
region 2 connected to the input terminal 13 through a contact
region 26 as drain, a p-type region 24 having a contact region
27 and formed in the first region 2 as gate, and an n-type
region 25 formed in the p-type region 24 as source. As shown
in FIGS. 15 and 16, in the equivalent circuits, it is different
from the second aspect of the disclosed embodiment in that
the circuit element is the n-channel junction field effect tran-
sistor 28 and the input terminal 13 and the collector of a
protective element 11 is connected to the drain of the n-chan-
nel junction field effect transistor 28. The other structural
points are the same as those of the second aspect of the
disclosed embodiment, and FIG. 5 corresponds to FIG. 14,
FIG. 6 corresponds to FIG. 15, and FIG. 7 corresponds to
FIG. 16, respectively, and thus the same symbols are used in
the corresponding parts and the detailed descriptions are
omitted. When ESD is applied to the input terminal 13, volt-
age is applied to the p-n junction with the p-type semicon-
ductor substrate 1 through the first region 2 and the buried
layer 9 similarly as in the first aspect of the disclosed embodi-
ment. However, since the protective element 11 is formed
similarly as in the first aspect of the disclosed embodiment,
the voltage can be suppressed, and the circuit element, the
n-channel junction field effect transistor 28 is protected.

In the structure of the disclosed embodiment shown in
FIGS. 15 and 16, even if the semiconductor device has the
input circuit where the n-channel junction field effect transis-
tor is formed by using the first region 2 as not drain but source,
and the n-type region 25 formed in the p-type region 24 as not
source but drain, and the source of the transistor is connected
to the input terminal, the protective element 11 fulfills the
function of protecting the circuit element from ESD voltage
applied to the input terminal 13 similarly.

FIGS. 17 to 19 are plan views of the disclosed embodiment.
As shown in the drawings, the two first regions 2 of the first,
second, and fourth aspects of the disclosed embodiment are
provided, respectively, the two protected circuit elements of
those aspects of the disclosed embodiment are formed,
respectively, and the second region 6 of those aspects of the
disclosed embodiment constituting the protective element is
provided in common therebetween, respectively. Namely, in
FIGS. 17 to 19, respective regions of the first regions 2, as
well as bases, emitters, and collectors constituting the PNP
transistor 10, or gates, sources, and drains constituting the
p-channel junction field effect transistor 23 are formed line-
symmetrically, and each of the second region 6, the connec-
tion region 8 of the second region 6 and the semiconductor

10

15

20

25

30

35

40

45

50

55

60

65

12

substrate 1, and the collector 4 of the vertical PNP transistor
10 in FIG. 17 is formed in one. However, the respective
regions constituting the respective transistors formed in the
firstregion 2 need not always be provided line-symmetrically,
and the collector 4 or the connection region 8 of the vertical
PNP transistor 10 can be provided in each of the two first
regions

By placing the two first regions 2, the p-n junctions
between respective of the first regions 2 and the p-type semi-
conductor substrate 1 are formed, respectively. Therefore, the
protective element 11 formed by using the first region 2 as
collector is formed as multi-collector type NPN transistor
with the two first regions 2 as collector, the p-type semicon-
ductor substrate 1 as base, and the one second region 6 men-
tioned above as emitter. Accordingly, the one protective ele-
ment 11 can function as protective element even if ESD
voltage is applied to either of the two first regions 2, and thus
one protective element can protect two transistors from ESD.
In this regard, the semiconductor device of the presently
disclosed embodiment can be formed with a smaller area than
conventional semiconductor devices in which each transistor
needs a protective element. FIGS. 17,18, and 19 are drawings
where the disclosed embodiment is applied to the first, sec-
ond, and fourth aspects of the disclosed embodiment and the
disclosed embodiment can also be applied to the third and
fifth aspects of the disclosed embodiment.

FIG. 20 shows an application of the sixth aspect of the
disclosed embodiment, and is a plan view showing an
arrangement of the first region 2 where the transistor is
formed and the second region 6 used as the emitter of the
protective element 11. In this example, the first regions 2 are
arranged in rows and columns, and the second regions 6 are
arranged among the first regions 2, respectively.

Similarly as in the sixth aspect of the disclosed embodi-
ment, the protective element 11 is formed by using the second
region 6 as emitter, and all of the first regions 2 arranged
around the second region 6 as collector. Therefore, the one
protective element 11 can function as the protective element
of respective transistors formed in the four adjacent first
regions 2. As can be seen from the application, as the number
of protected transistors increases, the effect of reduction of
area becomes larger compared to conventional semiconduc-
tor devices.

FIGS. 21 and 22 show examples where planar shape of the
first region 2 of the first and second aspects of the disclosed
embodiment is changed to circular shape. If the first region 2
is rectangle as shown in FIGS. 17 and 18 and voltage is
applied between the region and the semiconductor substrate 1
where the region is formed, electric fields are concentrated
around the four corners of the rectangle and a breakdown
tends to occur around there. Therefore, shaping the first
region 2 into a circular shape has an advantage of increasing
the breakdown voltage of the junction of the first region 2 and
the p-type semiconductor 1.

The amount of current the protective element 11 of the
semiconductor device of the present invention can send from
its collector to its emitter is inversely proportional to the width
of the base of the protective element 11 because the base
region is the semiconductor substrate 1 having a lower impu-
rity concentration and a higher electrical resistance than those
of the collector and the emitter. The substantial width of the
base region of the protective element 11 is the distance
between the first region that is the collector region and the
second region that is the emitter region placed next to the first
region.

Therefore, if the shape of the first region is circular, it is
preferred to make the shape of a part of the second region
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opposing the first region along the shape of a part of the first
region opposing the second region where the second region is
formed next to the first region in maintaining the ability of
sending a breakdown current due to ESD. In FIGS. 21 and 22,
based on the concept, portions of the shape of the second
region are curves, which has the advantage of increasing the
breakdown voltage without lowering the ability of the pro-
tective element 11 to send current due to ESD. FIGS. 21 and
22 are examples applied to the structures of the first and the
second aspects of the disclosed embodiment, and can also be
applied to the structures of the third to fifth aspects of the
disclosed embodiment.

FIGS. 23 and 24 are an equivalent circuit schematic and a
cross-section view of the semiconductor structure of a semi-
conductor device according to an eighth aspect of the dis-
closed embodiment, respectively. The disclosed embodiment
is assumed to be applied to the semiconductor device having
aninput circuit of differential input type comprising two input
terminals 134 and 135.

Referring to FIG. 23, the equivalent circuit of the disclosed
embodiment comprises input terminals 13a and 135, a pair of
NPN transistors 19a and 195 constituting an differential input
part, another pair of NPN transistors 19¢ and 19 for restrict-
ing excessive voltage difference between the input terminals
13a and 1354, protective elements 11a and 115, parasitic resis-
tances 12q and 125 of a p-type semiconductor substrate 1, and
a current source 29. With respect to the NPN transistors 19a
and 195, their bases are connected to the input terminals 13«
and 135, the bases and collectors of the NPN transistors 19¢
and 194, and the collectors of the protective elements 11a and
115, respectively, and their emitters are connected to one end
of the current source 29 together. The emitters of the NPN
transistors 19¢ and 194 are connected to the bases of the NPN
transistors 194 and 19¢, respectively. With respect to the
protective elements 11a and 115, their bases are connected to
one end of the parasitic resistances 12a and 125, respectively,
and their emitters are connected to the other end of the para-
sitic resistances 12a and 125, the other end of the current
source 29, and a lower voltage source terminal 14.

Since the collectors of the NPN transistors 19¢ and 194 are
connected to the input terminals 13a and 135 similarly as in
the third aspect of the disclosed embodiment, the protective
elements 11a and 115 operate as the protective element of the
NPN transistors 19¢ and 194 similarly as in the third aspect of
the disclosed embodiment. With respect to the NPN transis-
tors 19a and 194, their bases are connected to the input
terminals 13a and 135. As described above, the protective
elements 11a and 115 operate as protective element so that
the NPN transistors 19¢ and 194 are not destroyed by ESD
voltage applied to the input terminals 13a and 135, and sup-
press voltage applied to the collectors, and thus excessive
voltage leading to destruction is not applied to the bases of the
NPN transistors 19a and 195 connected to the collectors. As
aresult, the protective elements 11a and 115 can substantially
function as the protective element of all of the NPN transis-
tors 19a to 194.

FIGS. 25 and 26 are an equivalent circuit schematic and a
cross-section view of the semiconductor structure of a semi-
conductor device according to a ninth aspect of the disclosed
embodiment, respectively. In the disclosed embodiment, it is
different from the eighth aspect of the disclosed embodiment
in that a pair of transistors restricting excessive voltage dif-
ference between input terminals 13a and 135 are not NPN
transistors 19¢ and 194 but PNP transistors 10a and 105. The
other structural points including connections between respec-
tive elements are the same as those of the eighth aspect of the
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disclosed embodiment, and thus the same symbols are used in
the corresponding parts and the detailed descriptions are
omitted.

Since the bases of the PNP transistors 10a and 105 are
connected to the input terminals 13a and 135 similarly as in
the second aspect of the disclosed embodiment, protective
elements 11a and 115 operate as the protective element of the
PNP transistors 10a and 105 similarly as in the second aspect
of the disclosed embodiment. With respect to the NPN tran-
sistors 19a and 195, their bases are connected to the input
terminals 134 and 135 similarly as in the eighth aspect of the
disclosed embodiment. Similarly as in the eighth aspect of the
disclosed embodiment, the protective elements 11a and 115
operate as protective element so that the PNP transistors 10a
and 105 are not destroyed by ESD voltage applied to the input
terminals 13a and 135, and suppress voltage applied to the
bases, and thus excessive voltage leading to destruction is not
applied to the bases of the NPN transistors 19¢ and 195
connected to the bases of the PNP transistors 10a and 105. As
aresult, the protective elements 11a and 115 can substantially
function as the protective element of all of the PNP transistors
10a and 105 and the NPN transistors 19a¢ and 195.

The semiconductor device of the presently disclosed
embodiment can be used in a variety of industrial fields, for
example, for consumer use such as display equipment and
mobile communications terminals as well as for general
industrial use such as various productive equipment, particu-
larly, in industries related to mobile phones that are touched
by people and where ESD is easily applied, and medical
devices and transportation equipment where high reliability
is required.

EXPLANATION OF SYMBOLS

1 P-type semiconductor substrate

2 First region of n-type semiconductor

3 Emitter of circuit element in first and second aspects of the
disclosed embodiment

4 Collector of circuit element in first and second aspects of the
disclosed embodiment

5 Contact region in first region 2

6 Second region of n-type semiconductor

6a Contact region of second region 6 of n-type semiconductor

7 Electric conductor

8 Connection region of second region of n-type semiconduc-
tor and p-type semiconductor substrate 1

9 N-type region (buried region) having an impurity concen-
tration higher than that of first region

10, 104, 105 Circuit element in first, second, and ninth aspects
of the disclosed embodiment (PNP transistor)

11, 11a, 115 Protective element (NPN transistor)

12, 12a, 125 Parasitic resistance of p-type semiconductor
substrate

13, 134, 135 Input terminal

14 Lower voltage source terminal

15 Upper voltage source terminal

16 P-type region in first region 2 in third aspect of the dis-
closed embodiment

17 N-type region in p-type region 16 in third aspect of the
disclosed embodiment

18 Contact region of first region 2 in third aspect of the
disclosed embodiment

19, 19a, 195, 19¢, 19d Circuit element in third, eighth, and
ninth aspects of the disclosed embodiment (NPN transis-
tor)

20 P-type region in first region 2 in fourth aspect of the
disclosed embodiment
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21 Another p-type region in first region 2 in fourth aspect of
the disclosed embodiment

22 N-type region in first region 2 in fourth aspect of the
disclosed embodiment

23 Circuit element in fourth aspect of the disclosed embodi-
ment (p-channel junction field effect transistor)

24 P-type region in first region 2 in fifth aspect of the dis-
closed embodiment

25 N-type region in p-type region 24 in first region 2 in fifth
aspect of the disclosed embodiment

26 Contact region of first region 2 in fifth aspect of the
disclosed embodiment

27 Contact region of p-type region 24 in first region 2 in fifth
aspect of the disclosed embodiment

28 Circuit element in fifth aspect of the disclosed embodi-
ment (n-channel junction field effect transistor)

29 Current source

30 Conventional ESD protective element (diode)

31 Another conventional ESD protective element

32 Circuit element in FIGS. 28 and 29 showing conventional
art

What is claimed is:

1. A semiconductor device, comprising:

a first conductivity type semiconductor substrate;

a first region of a second conductivity type semiconductor
layer formed on a surface of the semiconductor sub-
strate;

a circuit element including a p-n junction formed from the
semiconductor substrate and the first region;

an input terminal connected to the first region; and

aprotective element for protecting the circuit element from
ESD applied to the input terminal, the protective ele-
ment including a transistor formed by using the first
region as a collector, the semiconductor substrate as a
base, and a second region of the second conductivity
type semiconductor layer formed in the semiconductor
substrate as an emitter, the protective element being
formed by connecting the emitter to the semiconductor
substrate through a connection region provided in the
semiconductor substrate by an electric conductor,
wherein

the first region is divided into a plurality of regions, a plurality
of the circuit elements using each of the plurality of the first
regions are formed, and the second region of the protective
element is formed in one piece among the plurality of the first
regions.

2. The semiconductor device of claim 1, wherein the con-
nection region provided in the semiconductor substrate is
formed on an opposite side of the first region with reference to
the second region.

3. The semiconductor device of claim 1, wherein at least
one part of a contour of the first region on the surface of the
semiconductor substrate is a curve, the second region is
formed next to the first region, and a contour of a part of the
second region facing the first region has a curve along the
curve of the first region.

4. The semiconductor device of claim 1, wherein a layer
under the first region, which is a second conductivity type
region having a higher impurity concentration than the first
region is formed and wherein the second region is in contact
with the semiconductor substrate directly.

5. The semiconductor device of claim 1, wherein the sec-
ond conductivity type semiconductor layer is an epitaxial
layer formed on the semiconductor substrate and the first and
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second regions are formed by doping first conductivity type
impurities into the epitaxial layer and separating the epitaxial
layer.

6. The semiconductor device of claim 1, wherein the circuit
element is a vertical bipolar transistor using the first region as
base.

7. The semiconductor device of claim 1, wherein the circuit
element is a vertical bipolar transistor using the first region as
collector.

8. The semiconductor device of claim 1, wherein the circuit
element is a vertical bipolar transistor using the first region as
emitter.

9. The semiconductor device of claim 1, wherein the circuit
element is a lateral bipolar transistor using the first region as
base.

10. The semiconductor device of claim 1, wherein the
circuit element is a lateral bipolar transistor using the first
region as collector.

11. The semiconductor device of claim 1, wherein the
circuit element is a lateral bipolar transistor using the first
region as emitter.

12. The semiconductor device of claim 1, wherein the
circuit element is a junction field effect transistor using the
first region as gate.

13. The semiconductor device of claim 1, wherein the
circuit element is a junction field effect transistor using the
first region as drain.

14. The semiconductor device of claim 1, wherein the
circuit element is a junction field effect transistor using the
first region as source.

15. A semiconductor device, comprising:

a first conductivity type semiconductor substrate;

a first region of a second conductivity type semiconductor
layer formed on a surface of the semiconductor sub-
strate;

a circuit element including a p-n junction formed from the
semiconductor substrate and the first region;

an input terminal connected to the first region; and

a protective element for protecting the circuit element from
ESD applied to the input terminal, the protective ele-
ment including a transistor formed by using the first
region as a collector, the semiconductor substrate as a
base, and a second region of the second conductivity
type semiconductor layer formed in the semiconductor
substrate as an emitter, the protective element being
formed by connecting the emitter to the semiconductor
substrate through a connection region provided in the
semiconductor substrate by an electric conductor,
wherein

at least one part of a contour of the first region on the
surface of the semiconductor substrate is a curve, the
second region is formed next to the first region, and a
contour of a part of the second region facing the first
region has a curve along the curve of the first region, and

a layer under the first region, which is a second conductiv-
ity type region having a higher impurity concentration
than the first region is formed and wherein the second
region is in contact with the semiconductor substrate
directly.

16. The semiconductor device of claim 15, wherein the
connection region provided in the semiconductor substrate is
formed on an opposite side of the first region with reference to
the second region.



